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Technical Memorandum

To: Hamide Kayaci, RPM, HPNS

From: Ed Palser

Date: September 23, 2014

Subject: Technical Approach: Elevated Alpha Surface Activity on Weathered Outdoor Metal
Surfaces; Parcel D-1 Phase Il Radiological Remediation and Support, Hunters Point
Naval Shipyard

Contract/TO: N62473-10-D-0808, CTO-0004 Navy DCN:  ITSI-0808-0004-0032

In performing radiological surveys of ship berths at HPNS, Gilbane has encountered elevated alpha
activity in the range of 100 to 400 dpm/100 cm” on the surfaces of various weathered outdoor metal
surfaces, particularly pier components, which cannot be readily explained by radon and is not suspected
to be due to contamination. The release criterion for ship berth-related alpha activity is 100 dpm/100 cm”.

Background

The Historical Radiological Assessment determined that the ship berths at HPNS were radiologically
impacted primarily as the result of Operation Crossroads decontamination efforts and secondarily due to
the possibility of radium devices existing in the area. The radionuclides of concern for the ship berths are
Sr-90, Cs-137, Ra-226, and Pu-239. Of particular interest here are the alpha-emitting radionuclides of
concern Ra-226 and Pu-239. For simplicity in execution, residual radioactivity on structure surfaces
measured as gross alpha activity is assumed to be either Ra-226 or Pu-239, unless isotopic analysis is
performed or a technical basis for an alternate approach is documented and approved for use by the Navy.
Based on this assumption, the measured alpha activity on the pier components exceeds the release
criterion for alpha activity.

Elevated alpha activity has been found consistently on or near heavily weathered (i.e., rusted) metal
surfaces. This same issue has been encountered and studied by previous contractors; however, no
resolution was achieved. Previous studies have ruled out radioactive contamination from Ra-226 or
Pu-239, radon accumulation/build-up, and removable surface activity as the source of the elevated alpha
activity. It has been suspected to be the result of a paint component or a physical phenomenon such as
static charge build-up from wind. Regardless, no definitive answer has been developed as to the source
of the elevated alpha surface activity and how it should be handled.

Research has identified another possible source of elevated alpha activity as electrostatic charge attracting
radon progeny, specifically Po-210. The plate-out of Po-210 on outdoor metal structures has been
confirmed at several DOE sites. The Po-210 deposition is readily observable primarily on galvanized
metal surfaces or metal that is rusty, oxidized, or weathered and is possibly due to an electrostatic charge.
Other radon progeny does not appear to adhere and accumulate the same as Po-210.

Method

Building upon previous studies, Gilbane collected samples of metallic shavings, rust particles and paint
scraped from four bollards located at Ship Berth 14. Scrapings were collected from a 100 cm” area of
elevated alpha activity (i.e., ranging from 200 to 400 dpm/100 cm?) on the top of each bollard. Figure 1
shows a representative bollard from Ship Berth 14 before and after a sample of scrapings is collected.
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Figure 1 - Photo of Representative Bollard Before and After Scraping Sample Collected

Measurements of total alpha surface activity were taken before and after each scraping was collected to
verify the alpha activity was captured in the scrapings themselves (see attached radiological survey). The
measurements are summarized in Table 1. Surface measurements were taken with a Ludlum Model 43-
93 100-cm” zinc sulfide (silver activated) dual phosphor scintillation detector coupled to a Ludlum Model
2360 alpha/beta dual-channel scaler.

Table 1 — Total Alpha Surface Activity Measurements

Sample Alpha Activity (dpm/100 cm’)
Location | Before Sampling | After Sampling |
Bollard #1 218 23
Bollard #2 251 17
Bollard #3 264 17
Bollard #4 348 23

The scrapings from the four bollards were combined into a single composite sample. The sample was
sent to ARS International, LLC, in Port Allen, Louisiana, for analysis. ARS is accredited under the DoD
Environmental Laboratory Accreditation Program and the CDPH National Environmental Laboratory
Accreditation Program. Five types of analyses, listed in Table 2 below, were performed.

Table 2 — Laboratory Sample Analyses

Analytical Method

Method Number

Gamma Spectroscopy

ARS-007/EPA 901.1M

Gross Alpha/Beta

ARS-003/EPA 900.0M

Isotopic Pu by Alpha Spectroscopy

ARS-026/Eichrom ACW-03

Po-210 by Alpha Spectroscopy

ARS-034/HASL-PO-01 RC

Sr-90 by Gas Flow Proportional Counting

ARS-032/Eichrom SRWO01

Discussion of Results

The laboratory analytical results (see attached laboratory report) are summarized in Table 3.

Radionuclides listed with no reported activity were not detected as present in a concentration above the
sample MDC. K-40 is naturally occurring and is found throughout nature wherever there is potassium.
Be-7 is formed in the atmosphere and deposits onto the earth’s crust. The presence of both Cs-137 and
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Sr-90 in the sample is not necessarily indicative of contamination from legacy Navy operations. Both are
fission products that are routinely encountered in the environment as a result of the atmospheric testing of
nuclear weapons. The ratio between the Be-7, and Cs-137 and Sr-90 are consistent with background
levels associated with the aforementioned atmospheric testing of nuclear weapons. Pb-210 and Pb-214
are progeny of Rn-222. Pb-214 is minutes removed from the decay of Rn-222 and Pb-210 with its 22
year half-life, once present, dissipates slowly.

Table 3 — Laboratory Analytical Results

Analytical Analyte Activity | Uncertainty | MDC | Decay
Method (pCi/g) (pCi/g) (pCi/g) | Mode
Gamma Be-7 2.821 1.048 1.010 B

Spectroscopy K-40 2.248 1.063 1.770 B
Co-60 0209 | 0.147 B
Cs-137 0.947 0.190 | 0.158 B
Eu-152 0.170 | 0.282 B
Eu-154 0.095 | 0.159 B
T1-208 0.146 | 0.180 B
Pb-210 9.876 1.985 | 2.020 B
Bi-212 1.880 | 2.180 | o/p
Pb-212 0.132 | 0.203 B
Bi-214 2,089 | 1.120 B
Pb-214 0.328 0.192 | 0.324 B
Ra-226 1.372 | 2.290 o
Ra-228 0.325 | 0.588 B
Pa-234 2.604 1.360 B
Th-234 0.000 | 2.500 B
U-235 0433 | 0.592 o
U-238 0.000 | 1.860 a
Am-241 0.110 | 0.184 o
Gross Gross Alpha 24.684 6.848 | 4.233 o
Alpha/Beta Gross Beta 24.345 5.913 1.855 B
Isotopic Pu Pu-238 0.101 0.219 o
Pu-239/240 0.159 | 0.295 o
Po-210 Po-210 19.743 1.725 | 0.044 o
Sr-90 Sr-90 0.519 0.342 | 0.241 B

Neither Ra-226 nor Pu-239 was detected as present in the sample. Therefore, a conclusion can be made
that the elevated alpha surface activity is not due to contamination by alpha-emitting radionuclides of
concern. The only alpha-emitting radionuclide detected above the sample MDC was Po-210, whose
activity accounts for 80% of the reported gross alpha activity (i.e., 19.743 pCi/g + 24.684 pCi/g = 0.800).

Figure 2 shows the natural decay series for radon. Radon decay products are various radioisotopes of Po,
Pb, and Bi. Of these radioisotopes, those with the longest half-lives are Pb-210 (22 years) and Po-210
(140 days). The rest have half-lives less than 30 minutes and therefore disappear rapidly when removed
from the radon feeder source. As radon decays, its electrically charged progeny attach themselves to dust
particles, which deposit onto horizontal surfaces, such as the top of pier components. If the presence of
Po-210 was solely due to this deposition mechanism, then sample results would have shown the several
Po, Pb, and Bi radioisotopes to be present in similar concentrations in some form of secular equilibrium.
But this is not the case. Po-210 parent radionuclides are not present in similar concentrations. So then,
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the presence of Po-210 at concentrations much higher than is parent radionuclides is consistent with plate-
out of Po-210 on outdoor metal structures as has been confirmed at other sites.

Figure 2 — Radon Decay Series
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Conclusion

The presence of Po-210 is not unexpected due to radon decay in the environment and its long half-life
(140 days) relative to other radon progeny. The plate-out of Po-210 on outdoor metal structures is a
recognized phenomenon that is readily observable primarily on galvanized metal surfaces or metal that is
rusty, oxidized, or weathered. As analytical results indicate, Po-210 is clearly the dominant alpha-emitter
present in the scraping sample collected from a series of bollards in Ship Berth 14. Po-210 activity
composes 80% of the measured gross alpha activity in the sample.

Therefore, once this technical memorandum is approved for use by the Navy, total alpha surface activity
measurements of weathered outdoor metal surfaces, such as pier components at HPNS, will be multiplied
by a correction factor of 0.2 to remove the alpha activity contribution from the plate-out of Po-210.

Other than Po-210, the several radionuclides listed in Table 3 with reported activity are naturally
occurring beta-emitters. A case could be made for a correction factor for beta activity. However, Gilbane
has not encountered problems with elevated beta activity above the release criterion and does not believe
there is a need for a beta correction factor at this time.

Attachments

HPNS Radiological Survey No. 07204.0004-1107-SBCH, dated 06 Aug 2014, ITSI Gilbane (13 pages).

Laboratory Analysis Report ARS1-14-01921, ARS International, LLC, Port Allen, Louisiana (9 pages).
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RADIOLOGICAL SURVEY FORM

CONTRACT ¢
FO-E808

G 7 TO MEE NG2473-

PROIBCT TITLE/ LOCATION:
Rad Remediation D-1, Fhase 117 HPFNS HFR08.0004

FESE GILBANE PROJIECT M(x

Survey Moo O7204.0004-1 HIP-5BCH Db 82014 Location: 58 14 Rorvey Type: SBOH
Py Bulilan R Y , Ed Palser 7 A——
Toch Printed Name ' Rlenaturs RE4Y Printed Mame Slgmature

Instrument{z)

Meoded Serial

Cal D
Leate

Probe Probe
Model Serial

Ol Due
e

BEG BKG BRIF BRG BT, 5
% & ¢ s/ Hr o i

2360 278618

BI292014

4397 IPRI1IIG}

0.2 1371 NI NIA (308 €11

FE

ship Berth 14

TEXZ20 14

Bollard # | Before

Bollard # 1 Alter

Bollard # 2 Before

P f ek | e

Bollard # 2 After

LA

Bollard # 3 Before

Bodlard # 3 After

e R

Botlard # 4 Be

)

Bollard # 4 After

EXAMPLE - Bollard Privr uy Sanding

5

EXAMPLE - Bollard After Sanding

Comments: See Alached Page for Removable Results,

2360 BRGD taken from instrument set up sheet (2 minuia).

Direct static readings were collected at each sample lovation before the saraple media was removed and immediately

after. No swipes were taken, see volwmetric annalvtical data for details.

Page 1 of 2
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" RADIOLOGICAL SURVEY FORM

MNH2473-10- D808

PROJECTTITLE S 1 LGCATHON:

Rad Bermediation D,

PRETOILBANE PROIBCT NGy 072040004

Suvey M.

{7204 D00 TUOT-8BCH

Date: 8620014

Lascation: SB 14

Survey Type SBOH

. et By . Mot a U .
# Gross pry {(dpm/1 (:I) o’ Gross {dpm/100 em™) MR/ | Location
(001 334 332 34 28 7 # 1 Before
0002 754 -89 4 23 7 1 After
0003 298 IREN] 39 251 7 # 2 Before
Go04 219 -243 3 i7 7 &3 Alter
005 gL 330 41 i 7 # 3 Before
{006 3729 199 3 17 7 # 3 afwer
GO07 37 457 54 248 7 # 4 Before
{08 204 -308 4 23 7 # 4 After
PM/A Y NIA MNIA P A 1 N/A MiA
3, X / 3

Comments;

Ciross Static Results Age 2 Min, Counts,

Felease Limits:

Remevable

¢ 20 dpm/100cm2

f 200 dpm/100cm2

Total

@ 108 dpm/100cm2

i 1000 dpm/108om

Technician Name Print: Danny Bulilan

Technician Name Signature;

AL
;vé"
o

Lo Date; 8/6/2014

Reviewed by! o ““WM

{.}zﬁ} 2

rp}
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SCALER INSTRUMENT SET-UP WORKSHEET

Contract Kumbar / Task Order Number:
NBZATI L0808 D004

Projent Title / Location:

Parcel D1 Phiase 1|/ Hunlers. Point Naval Shipyard

1151t Gilbane Project Mumbaer
7204 0008

I {Biue colls for input] 1

Souroe Response Beta
instrument / SM: 2I60ZTESE Cal. Duer 28-Aug-14 Hetup Date: U834
Probe Type ! BR: 4383 RITTI63 Cal. Dusy  28-Aug-14 Bource Cart Date: 15:-Bep13
Techniclan: €. Bryson Source SH: K7-321
Location: HPMS Surface Emission Rate: 2TETH particies/min
Bowrce Type: Te-9%
4. Total Background Qounts observed: HY Check/Setting: kil
Chi-squarsd Daloulations
1 248 253 833 5 Background Count Time: 2 minules
Z 251 18,8 2834 SouwrceBample Coant Thmna: 2 intes
3 248 -282 792 4
4 268 - 378
8 28 38 4.8
& 317 42.9 18361
h 282 2.8 5.8
A 272 3.1 4.8 Average Gounts = 374 7 nouis
G 298 239 568.8
i 282 -12.2 47 8 Average Count Rate = 1371 com
1 274 4.9 235
12 233 -AZ 3 17788 Standard Devistion = 254 nounts
13 251 ~23.2 835 8
14 2684 &9 470 Bum of Squares = 12258
15 233 412 18033
16 296 214 477 4 Hrea Dorreption Factor (AGF} = 100 100om’
k 308 339 1145 8
18 248 232 683.8 Scan Observation itervat= 100 sen
19 312 37 14328
20 277 28 8.1
it
2, Total Bowrce Counts observed:
Chi-snuared Galculations
1 12,700 22k 80,085
2 12,884 -3 888
2 12,801 -123 15080
4 12 803 ~121 14 863
§ 12831 ~83 8812 Sverage Gounts = 12,324 counts
& 13,210 288 81810
7 13,204 2R a5 Average Lount Rate = 8462 cpm
2 12,833 -5 8,245
i 12,885 28 829 Standard Devistion = 124 counts
10 12,844 i 408
11 13,057 132 17,742 Sum of the Squams = 283977
12 12863 51 2887
13 12,941 17 286 Shi-Souared Statistic = 2378
14 12873 51 2581
15 12898 28 77
18 12,574 o 2,520
17 13,002 T8 £.115
18 1923 -4 1
kY 12,894 36 888
26 12,838 14 22
0
instrument EMicienay (E,)=  0.2269 opimfdpm
Ned soures ofg = 12850 counts Surface Efficisncy (B, }= 05000 cpaiitdom
B, Dey, Met= 127 counis Total Efficiency (Bl = Q1135 cpmidpm

Met Ct Raje s

£.3258 opm

MDCR =

125

{2 sigma}
{2 sigmal

apat (68 85% confidence kvely

BADA Souns 1,558,7%  dpmit0e o’
MDA Statics 483,28  dpmitad om®
Bkg count range 223 i 325
Boree sount range 12ETR o 15,173

. A
S

Ty g

Technical Reviewer

{iate
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SCALER INSTRUMENT SET-UP WORKSHEET

Contract Mumber / Task Order Numben Project Title / Location: TS Gthang Project Numbs

o
(o1

MEZETI 100808 {004 Parcel D1 Phase 1 Hunters Point Naval Shigvard 0004

Source Activity Correction Worksheet

isolape Te-98
[br K7-321
Insitial Activity {dpmi 27.BTD Eruation: Aot = Aol we L BEINT)
Raf, Dats 18-Sep-13
Half-life {yagrs} 2ABEH0S FITEGT days (Haifife}
Current Date B-ub-14 256 .00 days 11

Corraptad Surface BEmission Rate =

2TB7C  particlesimin

Equations

Chi-squared Calculations

3 @ 2.08 CRUMS

3, = minivaan detecisbie number of net sourne counts in scan ohservation inteevel !

i

i = goan obssrvalion inferval {zec)

Mindnusm Detectable Count Rate { MDCR)  [MDOR = 5,3 80/

=’ 3 BOR

s {48 (source: MARSEI Table 5.5, pg. 6-40; assumes correct decision raje of 85%;)
by = nunber of background cowns in scan observation interval {

Zean Minimuwm Detectable Concontration {Scan DG} an MOC = MDURASORT v Ey x ATF)

surveyor efficlency {source: MARSEHEM Bection 6.7.2.1, pg. §-43)

Static MDO

% = background courtt time ideneal {mind
E = iotal (nstrument + surface) efficiency {convdpm)
&= grea oovection factor (e, detecior acthve area dividad by 100} (o™

Ryl
. o ATE— e B ke
Terhrics Plewviswer Ligte
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SCALER INSTRUMENT SET-UP WORKSHEET

Conyact Number / Task Order Number
NEZ4 T3 10-0-0808 7 0004

Project Title f Location:
FParced D Phgse 1 Hunters Point Naval Shipyard

TS Gilbane Project Number:
2040004

Source Responge: Aipha

b (Bilys colls forinpet) 1

instrument § S PAGIZTEENE Cal Duge 28-Aug-14 Setup Dater  O8-Jul-i4
Piobe Type / BM: 43-8UPRINISE Cal Dus:  30-Aug-14 Source Sert, Dater 15-8ep-13
Techniclan: O Bryson Bource SN RP-323
Location: HPNS Burface Enission Rate: 3880 partickesdmin
Bource Typm Th-23}
1, Total Background Deunts observed: HY Check/Setting: $00
Chi-sguered Caloulations
1 g .4 0.4 Background Count Time: 2 rrifules
2 5, 4 8.1 Source/Sample Count Time! _ 2 mirrites
3 ¢ -3 4 2.4
4 2 17 37
5 3 3.4 0.1
& €] -3 4 2.3
7 & .4 0.1
g i 1.4 6.1 Avevage Tounls = 0.4 nounts
8 1 a7 1.4
Hy Q <34 8.4 Avarage Count Rate » 0.2 cpm
11 7 .4 0.1
12 g 3.4 [ Standard Doviation = 0.7 pounis
3 & 34 3.1
14 4 14 0.1 Bum of Bauares = B
18 €] 34 i34
15 a 4 0.1 Area Correction Factor {ACK) = LoD 0ot
17 i a7 {14
1 g 3.4 {1 Boan Observation Interval= 183 sec
19 P 17 37 h
28 i 4.7 .4
{1
Z. Total Sourcs Counts observad:
Chi-aguared Caloulations
ki 14,488 -79 8,725
2 14,548 <31 GB5
e 14 AB5 =111 266
4 1,442 -135 3,158
8 14,703 126 1580 Average Sounts = 14,577 counts
£ 14,524 43 1,840
¥ 14,450 -118 13,800 Anrage Tount Ratg = 7,288 opm
& 14485 93 8,448
& 14 887 85 7243 Btandard Deviation = 183 counts
16 14 BTG 2 4
11 14,818 239 §7 188 Sum of the Squares = 443 522
12 ik 334 111,683
33 14,327 -2 5 52 450 Chi-Syuared Statistie = .43
14 14,4858 -119 14,137
14 14,568 11 119
18 14,857 284 78456
17 14,637 ao - 3812 AriEs degress of freadom o4
18 14 558 11 123 distribution @@ 95% confidence fevel)
19 1,403 -174 30241
20 14801 24 581
&

Mot sotung olg =
Sid, Dev. Net =

Mat Of, Kate = 7.288 cpm
MDA Scan= MIA

104 Batinw 44,73

Bkg count rangs g e
Baurce count rangs 14,371 il

o~

14,577 courts
153 couints

mstrument Efficiency (Bj}»
Surface Efficlency {E,}»
Total Efficlensy (B} =

MRCR =

dpmi100 om’
dpmf19t om®

2 (3 sigmal
14 BRZ {Z signa}

o
o R e
e RS i,

Technicsl Reviewsr

{iate

]

MEA

opridpm
cpenidpm
cprnfdpm

o {60 98% confidence level)
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SCALER INSTRUMENT SET-UP WORKSHEET

Caontract Numizer  Task Order Number Proje

Title 7 Location TS Gilbane Project Numbern
NE2473-10-I-0808 / 0004 Faresl [ Phase 7 Hutters Poird Mavad Shipyard 72040004

Source Activity Correction Worksheet

isotope Th-230
iD# K7-323 v ,
Tritiat Activity {dpm) 23850 Eguation: By = Agt ¥ e-{{ 893D
Rt Date 15-Ben-13
Hali-ife (years} TE4E04 ZFRESDT days Haiflife)
Durrent Date G-Jig-14 2R8.00 days i)

Lorrected Sarfgee Emission Rete =

23,850  partizlesimin

Equations

Chi-sguarsd Dalcwdations

% ¥ (.07 oounts

s, = mirfmum detectable number of net source counts inscan abseration interval J
{ = soan oheervation inderval (seo)

Minimum Detectable Connt Rats IMDOR) lf,,

o

= 1 38 fsouwrce: MARASIM Table 8.5, pg. 6-40; assumes corest dechsion rate of 95%}
b, = number of background counts In scan observation interval ¢

Sean Mintmum Detectable Concardration {(Boan MDC) |Boan MDC = MDORASORTIDY R By x ACF)

B = gurveyor efficiency (source: MARSEIM Seclion 8.7 2.1, py. 542

Static MRC

@ numbsr of background counts over background cound time interval §y
1, = sample count Hoos infereal (min

i, = packground count rne intervat (ming

£ = todal dnstrumant + swrfzos) efficiancy {cpmidpn)

& = arag correction iscior {Le,, detector active ares divided by 1R {cmz‘}

Favigey

e
\ s :
“Wt?:&il, T
e

Tenhuing! Ruvigsor
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LUDLUM MEASUREMENTS, INC,
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24937 fvenue Tibhitts
Valencia, California 81355

Eckert&Z

Isotope Products

Tel 661-309-1010
Fax 661-257-8303

CERTIFICATE OF CALIBRATION
BETA STANDARD SOURCE

Radionuclide:  Tc-898 Custpmer: RES, LLC

Half-life: {2.13 £ DO5E+05 years PO Nows 10557 EZIP

Catalog Ne.: EAB-0OQ-47LEB Reference Date: 15-8ep-13 1200 PST
Souree New: K7-321 Contained Radioactivity: 22.83 aCi 8447 By

Phvsical Deseription:
A Capsule type:
B. Mature of active deposit:

Disk (47 mm QD x 0.78 mm THK}
Electrodeposited and diffusion bonded Technetium metal

C. Active diameterfvolums:. 41 mm ,

- iy CAUTION!
D. Backing: Stainiess steel SELCATE SURBACE
£ Cover None DL HOT WIPE

ACTIVE ABEA

Radictmpurities:
None detected
Method of Calibration:

This source was assayed using a windowless internal gas flow proportional counter.

Uncertainty of Measarement:

A, Type A {random) uncertainty: r 04 %
B. Type B {systematic} uncertainty: * 30 %
. Uncertainty in aliquat weighing + 00 %
D Total uncertainty at the 98% confidence level £ 30 %

Motes:

- See reverse side for lzalk test(s) performed on this source.

- EZIP participates in a NIST measurement assurance program to pstahliish and maintair implict tracesability
for @ number of nuclides, based on the blind assay {(and later NIST certification) of Standard Reference
Materials {as in NRC Regulatory Guide 4.15).

- Nuclear datz was taken from "Table of Radioactive Isolopes”, edited by Virginia Shirley, 1985

- This source has a working life of 2 ysars.

- This source had & surface emission rate of 27870 RBimin in 217 on 28-Aug-13.

2 Fflg - 13

Da¥e

EZIP Ref, No:  1684-91

154 200Y CERTIFIED

Medical inaging Laboratory

FAGIT Avenue Tivbites

Vatencle, Califarniz 31358

FEGO Morth Keystons Strgel

industrial Gauging Laboratury
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THE LEAK TESTIS) INDHCATEDR BY THE DHECKED
SOLIRCE DESURIBED ON THE FRONT »’L'k ?"H'g JL.
OF DE F?:%wi” FKQM THE LE

| § Standard Wipe Test
The sourcs was winsd over Bz entire surface with @ moistened fter papgr diske
for activity using 3 scintifiation detecior

,mj Special Wipe Test
The source was wiped ov
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v wis Hhen

_| Distilled Water Soak Test
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24937 Avenue Tihbitts

Eckert & Ziegler  vatenca, california 91355
[sotope Products Tel 661:309-1010
Fax 661+257:8303
ALPHA STANDARD SOURCE

Radipnuclide:  TheR30 Customer: RES, LLC
Halt-Hi {7.54 £ D.O3E+04 yaars PO Moo 10587 EZIP
Catalog N EAB-230-47LB Refirense Date: 18-8ep-13 12100 PEY
Sowree Now K7-323 Contained Radiogotivity: £1.08 ol 7803 By
Physical i‘_}e&eripfiigujg o | | B e gﬁ%@&ﬁ .
A Capsule type: Digl (47 mm OO0 x 0.76 mm THE) D NOT wWire
B. Nature of active deposit Electrodeposited and diffusion bonded oxide ALTIVE BREA
. Active diamsterivolume. 41 mm
0. Backing: Stainless sleel
E. Cover Mone

Radivimpurities:
Mo detected
Method of Calibration:

This sourne was assayed using a windowless internal gas flow proportional counter.

Lincertainty of Messurement:

& Type A {random} unceriamiy ¥ 04 %
B. Type B {systematic) unceriainty: 30 %
C. Uncertainty in aliguot weighing: = 00 %
3. Total uncertainty at the $8% confidence level 30 %

Motes:
- Ses reverse side for lgak test(s) performed on this source,
EZIP participates in a NIST measurement assurance program 1o establish and maintain implicit traceabiiity
for g number of nuclides, Based on the blind assay {and later NIST certification) of Standard Reference
Materials (88 In NRE Regulatory Guide 4,15},
- Nuclear data was taken from "Table of Radinactive Isotopes”, edited by Virginia Shirley, 1988,
This source has g working life of 2 years,
This source had a surface smission rate of 23850 oimin in 31 on 28-Aug-13.

Sa 4

¥

B

29 ~#ra <13

Dot EZIP Raf No.  1684-3%

50 5007 CERTIFIER

Medical Imaging Laboratory industrial Gauging Laburatory
FHYNT Avenuse Tihbitts  Valenoin, California 913535 L300 Mol Keystong Mypet  Burbank, Califomis #1504
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THE LEAK TESTISH INGICATED BY THE CHECKED BOXES) msggwﬁ@
SOURNE DESCRIBED ON THE FRONT BIDE. ?H{: LEAK
IR0 BOFRIISGY OF DERIVED FROM THE LEAK TEST METHO! ‘

LEAK TEST BERLULTS 18 <8 #C4 (185 Byl FOR BOTH ALPHA AND BETA(
BELOWY DONTAINED <% n(i {185 Bupt OF RELSDVABLE AUTRITY UL

f‘ﬂ?sﬁ: THEY

Wg Btandard Wipe Test

The sourte was wipad pver s enthe
for adtivity using 4 sointilalion deleat

T35
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Liguid Sointillation Soak Test
The source was mansrsed for & mindmey of 3 howrg ,:;t {eivs
which doss not atiag 2
FRECENtE, “‘”ha sealed souros

@:ﬁwﬁ &i&gﬁf{:ﬁ ?%?&f

Ampoule Leak Test
The ampoule was ket in an inverted Qdoi?i”‘ﬁ on a
wine wias then chacked for activity usl

hy pa;}far ek o polvsiyreng wipe ﬁ; a ke of 18 howrs,

Bubble Leak Test
The cordainer wag pressurized {0 s I pregsure; then soap s
{ ek of the vessel were immersed in water, I no growd nr; Usmas wer» o

Wipe Test for Industrial Ni-63 Sources
The sowrces were wipe lested by an approved samg pHlan,
individually wing tested, o, o subset theragl, The wipe tastis) used o
of those tests are recorded on the front of s form,

I N A T

Pressure Test for Trictech K85 Sopurces
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2509 North River Road, Port Allen, Louisiana 70767
{BOO) 401-4277 - FAX (225) 381-29%96

INTERMATIOMAL

ARS International, LLC

Laboratory Analysis Report

ARS1-14-01921

Prepared for:

ITSI Gilbane

Ed Palser
2730 Shadelands Drive
Walnut Creek, CA 94598

epalser@gilbaneco.com

Phone: (505) 400-4076

@%WWD ‘ w

oiew 5} Management Review

Project Manager R

Motes: ARS international, LLC assumess no Yability for the use or intarpratation of any analyticat resulls provided other than the cost of the analysis itsalf
Reproduction of this report in less than full requires the written consent of the client.

Contact Person: Questions regarding this analytical report should be addressed to:

Project Manager

ProjectManagers@amrad.com

Phone: 225.381.2891
Fax: 225.381.2996

LELAP Cort# 01949

ED_006787_00001848-00019



2609 North River Road, Port Allen, Louisiana 70767
1 (800) 401-4277 FAX (225) 381-2996

INTERMNATIONAL

ARS Sample Delivery Group: ARS1-14-01921 Request or PO Number: N/A
Client Sample ID: 04SBD-14 (B1-B4)-001 ARS Sample ID: ARS51-14-01921-001
Sample Collection Date: 07/22/14 Date Received: 07/24/14
Sample Matrix: Soil/Solid/Sludge Report Date: 08/15/14
Anal.ysi.s Analysis Csu MDC DLC Qual Analysis Analysis Analy;is Analy;is Tracer/Chem

Description Results +/-2s Units Test Method Date/Time Technician Recovery
K-40 2.248 1.063 1.770 0.885 pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 0T N/A
CO-60 -0.020 0.209 0.147 0.074 U pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
BE-7 2.821 1.048 1.010 0.505 pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
C5-137 0.947 0.190 0.158 0.079 pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 0T N/A
EU-152 0.040 0.170 0.282 0.141 U pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
EU-154 0.000 0.095 0.159 0.080 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
TL-208 -0.057 0.146 0.180 0.090 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
PB-210 9.876 1.985 2.020 1.010 pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
BI-212 -0.228 1.880 2.180 1.090 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
PB-212 0.087 0.132 0.203 0.102 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
BI-214 0.251 2.089 1.120 0.571 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
PB-214 0.328 0.192 0.324 0.162 pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 0T N/A
RA-226 0.198 1.372 2.290 1.145 U pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
RA-228 0.031 0.325 0.588 0.294 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
PA-234 -0.608 2.604 1.360 0.680 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 0T N/A
TH-234 0.000 0.000 2.500 1.250 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
U-235 0.066 0.433 0.592 0.296 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
U-238 0.000 0.000 1.860 0.930 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
AM-241 -0.002 0.110 0.184 0.092 u pCi/g ARS-007/EPA 901.1M 07/24/14 16:05 DT N/A
GROSS ALPHA 24.684 6.848 4.233 2.005 pCi/g ARS-003/EPA 900.0M 07/25/14 15:18 CB N/A
GROSS BETA 24.345 5.913 1.855 0.909 pCi/g ARS-003/EPA 900.0M 07/25/14 15:18 CB N/A
PU-238 0.032 0.101 0.219 0.065 u pCi/g ARS-026/Eichrom ACW-03 | 07/29/14 15:38 1B 8%
PU-239/240 0.081 0.159 0.295 0.103 u pCi/g ARS-026/Eichrom ACW-03 ¢ 07/29/14 15:38 1B 8%
PO-210 19.743 1.725 0.044 0.022 pCi/g ARS-034/HASL-PO-01 RC: 07/30/14 16:24 BIS 46%
SR-90 0.519 0.342 0.515 0.241 pCi/g ARS-032/Eichrom SRWO01 | 08/08/14 16:59 BIS 83%

NOTES:

VLM

Project Manager Review

Notes: ARS International, LLC assumes no liability for the use or interpretation of any analytical results provided other than the cost of the analysis itself.
Reproduction of this report in less than full requires the written consent of ARS International, LLC.
The results in this report pertain only to the samples tested and are intended solely for the use of the client.

LELAP Certificate# 01949
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2609 North River Road, Port allen, Loulsiana 70767
1 {B00) 401-4277 FAX (225) 381-2996

e [NTERNATIONAL
QC Results Report

Sample Delivery Group: ARS1-14-01921
Date Received: 07/24/14

Laboratory Control Sample Evaluation

[ X
Analysis QT Analysis Expected Report Analysis Analysis Analysis Percent
Batch Type Analyte Resuits CSU 3 (2s) MDC Valua Qual Units Test Method DBate/ Time Techniclan | Recovery (%) Ac;t:l:‘ta:ce
ARS1-B14-01743] 1CS Sr-90 20.07 3.14 .54 19.59 pCl/g | ARS-032/EPA 905.0] 8/8/14 16:59 BIS 102 75%-125%
Blank Evaluation
Analysis Qc Analysis Expected Report Analysis Analysis Analysis
Batch Typa Analyte Results €5V 1 (2s) MoC Valua RQual Units Test Mathod Date/Time Techniclan
ARS1-814-01743{ MBL Sr-90 0.17 0.31 .52 MNA U pCl/g | ARS-032/EPA 905.0] 8/8/14 16:59 B1S
RER Duplicate Evaluation
RER
Analysis [+]+ Analysis Anatysis Analysts Analysis Analysis .
Batch Type Description Result 1 C5U1(25) | Result2 |CSU2{2s)f Qual Linkts Test Mathod Date/Time Technician RER AcceptanceR
ange
ARS1-B14-01743F LCSD Sr-90 20.07 3.14 18.86 2.97 pCi/g | ARS-032/EPA 905.0f 8/8/14 16:59 BIS 0.18 <1
DER Duplicate Evaluation
DER
Analysis QC Analysis Analysis Analysts Analysis Anatysis
Batch Type Description Result 1 €80 1 (25) Result 2 |CSU 2 (2s)) Qual Units Tast Method Date/Time Technician DER AcceptanceR
BNAL o]
AR51-B14-01743} LCSD Sr-90 20.07 3.14 18.96 2,97 pCi/fg | ARS-032/EPA 905.0] 8/8/14 156:59 B8 .51 < 3

Project Manager Review

Notes: American Radiation Services, Inc. assumes no Hability for he use or interpretation of any analytical results
provided other than the cost of the analysis iiself. Reproduction of this report in less than full reguires the written
cansent of the client.

LELAP Certificate# 30658 NELAP Certificate # E87558
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Anzlytics! Batch AR B14d+«0 29
SHE ARSL-14-0E823%
Analysis Gross Alpha/Beta {(Soil, Sludge, Waste,
INTERMNATIONAL Anaiysis Test Mathod ARS-G03/ Gas Proporiional Counter
" Analtysis Coda GPL-8-0303
QC Resulis per Analytical Batch e e

Acceptable QC Performance Ranges

8, £ ] i s 2

Laboratory Control Sample Recovery {%): > 78 < 12%
Matrix Spike Recovery {9%) > G4 < 140
Heplicate Error Batio (RER): < 4
Dupiicate Buplicate Brror Ratio (DER): < 3
Ralative Percent Difference (RPD %) 5 25
Analysis 07/35/14 15:18 Anniysis AMBAINCBAILEY
Lah@rat@w Can??ﬁﬁ ﬁampsa Diafe 07/25/14 15:18 Tachnician AMRADNCBAILEY
ARS1-B14-0158%-01 LB GROSS ALPHA 6.9 1.6 8.3 109 .48
ARS1-B14-01589-01 L8 GROSS BETA 49 i1 3% 125 08,20
H Analysis 07725714 15:18 Anslysis AMRAD\CBAILEY
Duplicate RER/DER/RPD Date . Technician AMRADNCBAILEY
GROSS ALPHA 6.87 1.63 .38 1.52 .16 $.43 7.4
GROSS BETA 498 113 48.4 11.3 3.03 .07 £.2
anslysis O7/35/14 15:18 Analysis AMRADACBAILEY
Method Blank et Sochic RAD\CBAILEY
ARS1-B14-01589-03 B GROSS ALPHA -5,018 0.078 0,14 i
ARS1-B14-01585-03 MBL GROSS BETA -0.04 8,12 8.20 U

Notes: American Radiation Services, Inc. assurmes no Habllity for the use or interpretation of any analytical results provided other than
the cost of the analysis itself. Reproduction of this report in less than full requires the written consent of the client.

LELAR Certificate® 01949

ED_006787_00001848-00022



Analytical Batch
SDG ARS1-14-01921
Analysis Plutonium Solid, Waste, Biota, Sediment,
Analysis Test Method ARS-026/Eichrom ACW-03-1%
- - Analysis Coda v A5P-A-023
QC Results per Analytical Batch o vy (

Acceptable QC Performance Ranges

LaboratoryControl Saple Recove(“): v i > 7 v T o o <125
Matrix Spike o Recovery {%): > 60 < 140
Replicate Error Ratio (RER): <1
Duplicate Duplicate Error Ratio (DER}: <3
Relative Percent Difference (RPD %): 5 25

Analysis
Dats

Analysis

g |
07/2%/14 15:38 Techniclan

JBYRD

Laboratory Control Sample

ARS1-B14-01598-01

PU-239/240

|

H
H

. E ; — :
Duplicate RER/DER/RPD L Anelvsis D ozjeg/14ns:38 | Areves IBYRD
PU-239/240 i 5,10 0.71 4.87 0.68 0.17 i 0.46 { 4.6 i
R ' Analysls | 07/29/14 15:38 Anatysls | ~ JBYRD
MethOd Blank Date 07/29/14 15:38 Techniclan JBYRD

ARS1-B14-01598-03 MBL PLU-238 -0.016 g.016 0.06% ]

ARS1-B14-01598-03 MBL PU-239/240 0.000 0.028 0.069 U

MNotes: American Radiation Services, Inc, assumes no lability for the use or interpretation of any analytical results provided other than
the cost of the analysis itself. Reproduction of this report in less than full requires the written consent of the cllent.

LELAP Certificate# 01949
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Anaiytical Batch

DG ARBL-14-01821
Analysis Samma Spec {(Solid}
IR TERPEATICINAL Analysis Tast Mathod ARS-QO7/EFA 901.4M
" Analysis Code GAM-A-R20
QC Results per Analytical Batch pa— oy

Acceptable QU Performance Ranges

Laboratory Control Sample Kacovery (%) > 78 < S
Matrix Spike Recovery (%) > 6% < 148
Replicate Brror Ratic {RER): < %
Duplicate Buplicate Ervor Ratio {(DER): <3
Relative Percent Difference (RPD %) % 2%
Analyst fyst
Laboratory Control Sample Date 07/24/1413:35 | SREES Bzf
ARS1-B14-01573-01 LCS &M-28% 48800 3800 40838 119 418
ARS1-BI4-01573-01 LS CO-60 57500 2300 50514 114 480
ARS1-B14-01573-01 HE o £5-137 47300 2000 40351 117 230
5 Analyst Anatyst 5
Duplicate RER/DER/RPD bate | OvAe ey | LR B2F

£i3-80 57800 2301 53600 2151 0.87 2.48 7.0
£5-137 47300 1981 44330 1828 ©.79 218 6.5
Analysis Anaiysh -
Method Blank ¥ UP/24/14 16:53 Tmm’;’d;n T

ARS1-B14-01573-03 MBL AM-243 0.4 1.1 1.9 U
ARSI -B14-01573-03 MBL CG-68 .59 .84 1.6 U
ARS1-B14-01573-03 MBL C5-137 -2.3 5.8 1.8 U

Notes: American Radiation Services, Inc, assumes no liability for the use or interpretation of any analytical results provided other than
the cost of the analysis iself. Reproduction of this report in less than full requires the written consent of the clisnt.

LELAP Certificate# 01949
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‘ . & 2609 North River Road, Port Allen, Louisiana 70767
il 1 (800) 401-4277 FAX (225) 381-2996

INTERNATIONAL

i

QC Results Report

Sample Delivery Group: ARS1-14-01921
Date Received: 07/24/14
Laboratory Control Sample Evaluation
LCS
Analysis [el Anslysis Expacted Report Analysis Anslysis Analysis Percent
Batch Type Analyte Results £S5U 3 (28} HoC Valus Qual Units Tust Moethod Date/Time Tachnician | Recovery (%) ‘\c;:g::a:ce
ARS1-B14-01600{ LCS P0O-210 €.380 0.559 0.014 6.484 pCI/L | ARS-030/Eichrom OTW-01] 7/30/14 16:24 BiS 98 75%-125%
Blank Evaluation
Anvlysis Qc Analysis Expacted Report Anatysis Analysis Analysiz
Batch Type Analyte Rosults CSU 1 (29) Mo Value Qual Units Tost Mathod Date/ Time Technician
ARS1-B14-01600 | MBL PGO~210 0.007 0.002 0.041 NA U pCi/L | ARS-030/Eichrom OTW-01] 7/30/14 16:24 BIS
RER Duplicate Evaluation
RER
Analysis QC Analysis ¥ Analysi Analysis Analysis
Batch Type Description Result 3 €5 1 (28) Regult 2 |CSU 2 (28)) Qual Units Teast Mathod Date/ Time Technician RER AcceptanceR
-
ARS1-B14-01600 | LCSD P0-210 6.380 0.559 5.900 0.517 pCi/l. | ARS-030/Eichrom OTW-01] 7/30/14 16:24 BIS 0.45 <1
DER Duplicate Evaluation
: DER
Analysis Qc Analysis Annlysis Anatysis Analysis Analysis
Batch Type Description Result 1 €8 1 (2s) Besult 2 |CSU 2 (28} Quel Units Test Method Date/Time Technician DER Accq::a:cek
ARS1-B14-01600 | LCSD PO-210 6.380 0.559 5.900 0.517 pCi/L | ARS-030/Eichrom OTW-01| 7/30/14 16:24 BIS 1.26 <3

T

ProjectManager Review

Motes: American Radiation Services, Inc. assumes no liabliity for the use or Interpretation of any analytical results
provided other than the cost of the analysis itself. Reproduction of this report In less than full requires the written
consent of the client,

LELAP Certificate# 01949 NELAP Certificate # E87558
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2602 North River Road « Port Allen, Louisiana 70767
1{800) 401-4277 » Fax (225) 381-2896

INTERNATIONAL
Notes:

Comments:

1.0) Soil and Sludge analysis are reported on a wet basis or an as received basis unless otherwiss indicated.

2.0) Data in this report are within the limits of uncertainty specified in the reference method unless otherwise specified.

3.0) Modified analysis procedures are procedures that are modified to meet the certain specifications. An example may be the use of a
water method to analyze a solid matrix due to the lack of an officially recognized procedure for the analysis of the solid matrix.
Modified analyses are indicated by the subsequent addition of *m” to the procedure number (i.e. 900.0M).

4.0) Derived Air Concentrations and Effluent Release Concentrations are oblained from 10 CFR 20 Appendix B.

5.0) Total activity is actually total gamma activity and is determined utilizing the prominent gamma emitters from the naturally occurring
radioactive decay chains and other prominent radioactive nuclides. Total activity may be lower than the actual total activity due to the
extent of secular equilibrium achieved in the various decay chains at the time of analysis. The total activity is not representative of
nuclides that emit solely alpha or beta particles.

8.0) Ra-228 is determined via secular equilibrium with its daughter, Actinium 228 (Gamma Spectroscopy only).

7.0) U-238 is determined via secular equilibrium with its daughter, Thorium 234 {Gamma Spectroscopy only).

8.0) All gamma spectroscopy was performed utilizing high purity germanium detectors (HPGe).

9.0) ARS makes every attempt to match sample density to calibrated density; however, in some cases, it is not practical or possible to do
so and data results may be affected (Gamma Speciroscopy only).

10.0) Gamma spectroscopy results are calculated values based on the DRTEC® GammaVision ENV32 Analysis Engine.

Method References:

1.0} EPA 600/4-80-032; Prescribed Procedures for the Measurements of Radioactivity in Drinking Water, August 1980.

2.0 Standard Methods for Examination of Water and Waste Water, 18, 1992,

3.0) EPA SW-846; Test Methods for Evaluating Solid Waste, Third Edition, (9/86). (Updated through 1985).

4.0) EPA 800/4/73-020; Methods for Chemical Analysis of Water and Waste, March 1983,

5.0) HASL 300

6.0} ARS-040; An LCSD is not reported with this process. The criteria for the LCS/LCSD analysis for reproducibility have not been
established for Low Level Tritium analysis. A prepared standard for Low Leve! Tritium has not been developed. As a result, the
standard we use is based on the dilution of a verified conventional tritium standard. The volume required for Low Level Tritium
analysis, in addition to the lack of an available Low Level Tritium standard, introduce variability into the LCS/LCSD analysis that does
not represent the actual sample analysis. The preferred measure for reproducibility is to run a duplicate analysis of a sample.

Definitions:

1.0} ND Not detecteo above the detection limit (non-detect).

2.0) MDC {(Minimum Detectable Concentration) minimum concentration of the analyte that ARS can detect utilizing the

specific analysis

3.0 MBL Method Blank

4.0) DO Duplicate Original

5.0 pup Method Duplicate

6.0} MSMSD Matrix Spike/Matrix Spike Duplicat

7.0} 8 Spike :

8.0) RS Reference Spike

9.0) *8C Subconiracied out to ancther qualified laboratory

10.0) NR Not Referenced

11.0) NIA Not Applicable

12.0) o False Posifive due to interference from

13.0) ] Activity is below the MDC

14.0) LCSLCSD Laboratory Lontrol Standard/Laboratory Controf Standard Duplicate

15.0) DLe Decision Level Concentration (ANS! N42.23) or critical level

Notes:  ARS International assumes no liability for the use or interpretation of any analytical resulls provided other than the cost of the analysis

itself. Reproduction of this report in less than full requires the written consent of the client,

LELAP Cert# 01849
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CHAIN-OF-CUSTODY RECORD [ f:,gg‘;‘:”e COC# HPSD1-0147

Walnut Creek
(505) 400-4076 EXT: epalser@itsi.com

Project Name: HPSD1 Laboratory: AMERICAN RADIATION SERVICES (ARS), INC., PORT ALLEN, LA
Project Number: 07204.0004 Point of contact: Please insert point of contact, insert laboratory phone number, insert e-mail
WBS Code: 0058000 Ship to: Please add laboratory address
Comments:
Code |Matrix
.80 |SoIL

Code lContainerlPreservatm
%205 1* 250 mL plastic jar,

Equipment:

1E901.1 - Solid Ra-226 and CS-137
1E905.0 - Solid Sr-90 and Sr-T
1GS186 - Ra-226 and CS-137 Screening

AD1RM - Solid Pu-23940

JADTRM - Solid Po-210
|E900 - Gross Alpha & Beta

| Analytical Test Method

_Event: Ship Berth Surveyin

Samp Sample] Depth (it bgs)

Sample ID Matrix Date Time Init. Location ID Type Top - Bottom

4 1048BD-14B1-001 SO 7/22/2014 0800 XIXiIxXixixix 04SBD-14B1-001 N1 0.00 0.00

2 104SBD-14B2-001 SO 712212014 0800 XIXIXIXIXIX 04SBD-1482-001 N1 0.00 0.00

3 104SBD-14B3-001 80 712212014 0940 XIXIXIXIXIX 04SBD-14B3-001 N1 0.00 0.00

4 |04SBD-14B4-001 SO 7/22i2014 0630 XIXIXIXIXIX 04SBD-~14B4-001 N1 0.00 0.00
Cooler # 1 Turnaround Time: 0 Days

By @mm@m%@@ %&m?%ﬂ AL ey Ed @Mﬁ%wx 1S Gl PrA Sa L

Relinquished hy: (Signature) Date Time | {Receiyed by: (Signature) Date Time ||Shipping Date / Carrier / Airbill Number
DR3{Yy fé/@ Shipping Date: 7/23/2014

Recevied by L?ba{atory: (Signature, Date, Time) & condition

x 4T %ﬁ@iﬂé‘%ﬁ (urch

mw“wpm % .-(:\ ’NE [t I 4 T ad 1) B L et

N

ED_006787_00001848-00027



